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Intoduction

This report has been prepared based on Contract with UNIDO
~and relevant terms of references prepared by UNIDO. The aim of the
~ contract is to develop and convert three-models of currently in
. production, into Ozone Friendly Refrigerant cooling system.

Based on Montreal and People Republic of China agreement,
R134a refrigerant was selected as suitable Ozone friendly Refrigerant
replacement and an alternative for R12 refrigerant and also
Cyclopentane as a substitute for R11.

This change fo the cooling system requires significant
modification and improvement of cooling system. Due to the enhanced
physical and chemical properties of the main components of the cooling
circuits must be replaced of adjusted as a consequence of substitution
of R12 into R134a.

The new refrigerant has special behavior in mixing with mineral
cil and is not miscible with it, thus specially synthetic oil has been
produced in order to be solved easily with R134. The new synthetic oil
is extremely hydroscopic and absorbs moisture and dirt. Therefore,
maximum care in designing and selecting of suitable components must
. be taken. drier, and compressor are the main items that should be taken
into consideration for proper selection.

Since the molecular size of R134a is $mallerin comparison with R12,
and due to the better thermal conductivity, higher latent heat and also
higher coefficient of heat transfer, the size and the power of the
compressor is different from what we use as R12 compressor. Thus
following changes and redesign of the compressor must be taken into
consideration.

1- More Input Power, due to the bigger size of cyiinder displacement
2- Moare Cooling Capacity about 10-25% in LBP type compressors, due
to the higher specific volume, and in consequence improvement in
performance of LBP type compressor with higher displacement of

piston.
3- At HBP compressor an improvement should be done to assure
better performance, because of higher thermal properties and lower
‘ viscosity (possibly up to 10% at 10% evaporating).
- 4- Improvement of compresscr electromotor winding shield and power.



5- Bigger size of Filter drier, about 40%, in order to prevent eventual
blockage of cooling circuits due to the absorption of moisture by
synthetic oil.

- 6- Necessary adjustment of Capillary tube, for better performance,
pressures stability and vapor liquid condition of refrigerant. Usually
10% of increase of capillary tube is suggested to prevent high start
torque. And better pressure

7- Using Easter Qil, as a replacement of mineral oil.

8- Adjustment of refrigerant charge. Normally 10% of refrigerant charge
weight reduction is recommended.

9- Cleanliness

Cleanliness of the plant is associated with experience of the initial
installaticn and its sudsequent need for servicing other than
routine.

The procedure for new R134a plant are more stringent than those
used for R12, attention being drawn, particularly to good
evacuation and charging.

It is vital that the system is not contaminated with chlorinated
residues from charging manifolds and vacuum pumps previously
used with R11 or r12, or any refrigerant containing chlorine.

The safe level of chlorinated residues is in the region of 200 PPM,
but every endeavor should be made to eliminate traces of
chlorine to zero.

In application where the plant is to be converted from R12 to
R134a the situation is more critical as the installation will contain
and possible chlorine residues.

Selection of Components

Due to the significant changes to the cooling system circuit of the
appliance burdened, because of substitutingp 19 with Ri34arefrigerant.
Special consideration must be taken to select proper components. The
heart of cooling system is compressor. Therefore or most effort is to
chose right compressor to be compatible with the existing cooling
system. The aim conversion of the refrigeration system is to minimize
necessary changes. Because any additional changes will bear a lot of
cost for production. Assuming 10% increase of capillary tube length
could make increase of supplying raw materials and therefore higher
production cost. The following steps must be taken for conversion of
prototypes.



9.

Determination of technical specification of models.

Calculation of refrigeration load, based on technical data collected.
Selection of suitable compressor, based on refrigeration load
calculation.

Preparation of suitable equipment for charging R134a refrigerant,
such as Vacuum Pump, Charging board and ieak detectors.
Supplying enough R134a refrigerant.

Supplying bigger size filter drier, 40% higher than what is used in
R12 cooling system.

Preparation of hot chamber in accordance with relevant ISO
standards. Such as 1SO 7173 or 8185, or 5155

- Accomiplishment of performance tests at hot chamber in different

ambient temperature, and designated operating condition. Such as;

One) 43 £ 0.5 °C with 45 —~ 75% of relative humidity (Tropical
Rating).

Two) 38 + 0.5 °C with 45 - 75% of relative humidity
( Subtropical Rating)

Three) 32 £ 0.5°C with 45 - 75% of relative humidity (Standard
Condition)

Four) 25 +0.5°C with 45 - 75% of relative humidity (sub-
Normal Condition)

Five) 18 £ 0.5 °C with 45 — 75% of relative humidity (Cooled
Condition)

Performing tests for pull down, continuos run, cyclic run and, energy
consumption, in order to do necessary adjustment to the refrigeration
system circuits.

10-  Evaluating test results for applying necessary changes to the

-

cooling system and optimize the system component selection.
Selection of components in accordance with the refrigeration
load calculation and test results.

12- Producing prototypes as trial production at the first phase, and

mass production after successfully production of trial products and
analyzing, data collected from performance of trial product. Minimum
300 units of trial production is recommended.



Refrigeration load consist of four individual components:
1- Transmission load;

Heat transfer through walls ( sides, back panels, top and bottom )
and door panel.

2 - Product loadq,

Heat Removed from and produced by the products which are
brought and stored in the refrigerator;

3- Internal load,;
Heat produced by internal sources such as lights, fan or heaters;
4 - Infiltration load

Heat gains associated with air entering the refrigerated space;



Transmission Load

Heat gain through walls of a refrigerated space depend on cabin
Temperature, liner, insulation and cabin conductivity and also the
surrounded ambient air. in other word, there are four different
resistance opposing heat flow between cabin space and ambient air as
given in resistance circuit.

T refrigerator ¢(— (“R"liner + “R”insulation + “R”cabin + “R"ambient) ¢ “T"ambient

“T” evaporator ¢ (“R”liner + “R”insulation + “R”cabin + “R”ambient) ¢“T"ainbient

“T" = Temperature
‘R" = Resistance

Considering the above mentioned resistance, R, Rc and Ra are
not comparable in magnitude with Ri ( Insulation resistance ) and so
can be neglected in our calculations. Therefore, the resultant circuit and
related equations is.

I L —
]@ Heat Resistance, and = R Heat Transfer

Where:
X = Insulation Thickness, mm

K = Insulation Conductivity,  /77)"C

A = Outside Area, /71
N= Temperature difference ( Ta - Te ), °C

If the insulation thickness of side walls, back panels, top, bottom
and door are different, heat transfer for each part can be calculated
separately and then summed for two door refrigerators, due to different
cabin temperature of freezer and refrigerator compariments, heat
transfer for each compartment should be calculated separately and then
added together.

Heat removed from products (meat, fruits, vegetables, water and
etc.) lo reduce temperature frem receiving to storage temperature is
kKnown as product load. Following steps should be taken to calculated
of product loads.

a



1 - Heat removed from initial temperature (Ti) to storing
temperature (Trs) in refrigerator compartment is;

Qrs = AC (Ti - Trs)

Where:

N = Mass of product, Kg / h
C = Specific heat of product, Kcal / Kg

2 - Heat removed from intial temperature (T) to freezing
temperature (Ty) is;

Q= Ve -1

Where :

Af = Mass of product, Kg / h
C = Specific heat of product above freezing point, Kcal / Kg

- 3 - Latent heat of fusion for products is equal to;

QL=A’-h

Where; h = Latent heat of product, Kcal/ Kg

4 - Heat removed from freezing temperature ( Tf ) to final storage
temperature (T) is;

Q br= A4 Cor (Tr- Tts)

Where:
C= Specific heat of products below freezing temperature.

For upright freezers or freezer compartment of refrigerators, total
product load is

Qpt = Qat + Qi + Qut

For storage products to some lower temperatures above freezing
temperature in refrigerator compartment is;

Qpl = Qrs



Electrical energy dissipated in the refrigerated space such as
lights, fan motors, heaters, are included in the internal heat load. Due
to the little amount of consumption of lighting, the effect of lighting can
be negligible and only electrical heaters of two door refrigerators or fan
motors ( if exist ) are considered in our load calculation.

lniltration Lozad

Infiltration air load is the heat transfer due to exchanging of
refrigerated air with ambient caused by opening of the door or leakage
through the gasket area. Infiltration load is one of the most important
load components and roughly it is about 20 % of total refrigeration load.

Total Refrigeration load

As it was mentioned before, transmission load ( Qtl ), product
load ( Qpl ) and internal load ( Q il ) can be calculated separetely. For
infiltration load ( air exchange through doorways cor gasket leakage ), we
take into account 25% of sum of the above mentioned components.
( transmission load, product load and internal load ). Therefore total
refrigeration load can be expressed as:

Qr.=1.25(Qr + Qe + Qu)



Calculation of refrigeration load is the basis for selecting system
equipment. First step is selection of a suitable compressor with cooling
capacity comparable to calculated load, then a capillary tube should be
selected so that the compressor and tube fix a balance point at the
desired evaporating temperature, also two evaporator and condenser
should be selected to balance compressor capacity.

Compressor selection

Assuming 16 hours daily operating time for the compressor, the
calculated refrigeration load will be modified to:

Qo = —_1—6_ =

Where :
Q. = required cooling capacity

For selection of compressor from manufacturer's catalogue, we
have to mention appropriate evaporating temperature;

- In refrigerators with ice compartment mounted inside, maximum
evaporating temperature can be selected in order to have - 12 °C (Two
Siars ) inside ice compartment.

- For upright freezers or freezer compartment of two door
refrigerators, evaporating temperature should be in order to obtain -18
°C ( Three Stars ) cabin temperature.

Capillary tube

Capillary tube is one of the most important components in
refrigerator circuits capillary acts as a pressure reducing device to meter
the flow of refrigerant to the low pressure side (evaporator) of the
system. In other word, capillary tube should be capable to pass
refrigerant pumped by he compressor and feed it to evaporator at
available load and demand conditions.

On the contrary of the R12 or R22 refrigerants, practical
equations, charts or graphs are not available for calculation of capillary
size in R134a refrigeration circuits. Comparing saturation properties of
R134a with R12 at a certain temperature, R134a pressure is less than



R12, therefore, capillary tube for R134a shall be adjusted at low
evaporating temperatures in comparison with R12 system. The capillary
for R134a refrigeration system must have an increase resistance which
can be estimated about 10 - 15% increase in length for a definite bore.
However the exact size (bore and length) can be attainable after
laboratory performance tests.

Condenser & Evaporator

The statically cooled condenser is designed for use in small
refrigeration appliance with sufficient space for the necessary
condenser area. These condensers are manufactured either in tube-on-
finned plate type or wire-on-tube design or in body tube. Assuming that
compressor casing and tubing will dissipate 80% of the heat equivalent
of electrical in put, the condenser should be capable to reject heat
absorbed by the refrigerant in the evaporator plus 20% of compressor
power input heat equivalent.

The evaporator should balance the selected compressor capacity,
not the original calculated load. Most of the refrigerators mainly employ
alurinum evaporators produced on the roll-bond principal, where wire-
on tube and recently tube in body evaporators are usually installed in
upright freezers.

Due to the higher latent heat (hig) of R134a in comparison with
R12 and therefore less refrigerant charge in the system, it seems that
evaporators and condensers used for R12 are alsc suitable for R134a
refrigeration system. However more detailed information about role of
these two components in the system would be cleared after laboratory
performance tests. Therefore partial modifications should be done if
needed. '

As mentioned in previous sections, R134a latent heat of
vaporization is about 28-30% higher than R12 in temperature range -30
C up to + 10 C. Table 2-2 shows thermcdynamics saturation properties
(with respect to a certain temperature) for these two refrigerants. In
practice, charging amount of R134a can be 10-15% less than R12 with
the same refrigeration load.

R134a is capable to absorb more humidity of the oil in
comparison with R12. Therefore, the filter drier selected for R134a
shotld be a drier with 3A desiccant with 20% more molecular sieve (by
weight) in comparison with conventional types.



Model BC-60 Technical Specification

Type of Product
Ovexau Dlmensmn

Refrigerator
460 X 520 X 530 mm

30 Ka/m

FoU Foam R11or RIATD

T ype of Foam

Foam-Density

I 110 1S0, 76 Polyol, 24 R11
46 lit.

| Foam Mixing Ratio %
Net Internal Volume

| Hermetic, Static Cooled | Type of Compressor i
41 Walls Compressor Cooling Capacity

468 walts | Power Input i
0.5 KWi/24 hrs Energy Consumption

| Tube, inside body | Type of Condenser i
Inside Dim. = 4, Length 4400 mm  Size of Condenser

| Rolt Bond | Type of Evaporator |
1.8x2mt Size of Capillary Tube

jR12 & R134a | Type of Refrigerant i
R12, = 32 Gr. R134a, = 30 Gr. Refrigerant Charge

§7Gr. | Filter Drier Size |
110/60 and 220/50 Power Source

§-12°C | Designated Inside Evaporator l

Temperature
B [ Designated Inside Ref. |
Temperature

l Standard 32°C | Designated Operating Condition ||

| | |

I | |

i | |

| | |

| | |

I | |

i | |

I | |

| | |

| | |

| |
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a) Transmission load calculation
Refrigerator Dimension Area Insulation Temp.

Comnpartment Cm. (sq.mt.) Thickness Difference
Side Walls 2 x (46.5x52) 0.484 35 mm 27 ¢
Back Panel 52x53 0.276 35mm 27 ¢
Top Surface 46.5 x 53 0.246 35mm 27 ¢
Bottom Surface 46.5 x 53 0.246 35mm 27 ¢
Door 52 x 53 0.276 35mm 27 ¢

“Insulation Type: Pu Foam with cyclopentane blowing agent.

| 0
Thermal Conducti\Lity for Foam = D.0185W/mt. |°C

“ Therm;xl Conductivity for Air at -12 at 1 atm. =0.02367 W/mt.

* |
Temperature Difference Refrigerator Compartment:

=32=(+5)=21°C | |
Ambient Temperaiure =32°C

[Re{ rigerato F—Airﬁ?ﬁmpefatu rer=-+5~°lC |

[Galculation :

| | |

.Jﬂeat_LeakJ&)LRefpigetatOLComparltment.

|

Qn = Qow + Qoack panets door + Qfiottom + Top
Q=UA (Ta - Tr)

L U=K1X]

Where :
U = Heat Resistance Coefficient Factor
K1 = Foam Thermal Conductivity

11




Note : Due to the short thickness of cabinet out side panel ( 0.6
mm ) and plastic inner liner ( 1.5 mm ) heat resistance of these
materials have been considered negligible.

Therefore:

1-Q sigewaiis = [ UA ( Ta - Tr) ]

Ta=Ambient Temperature
Tr = refrigerator air Temperature

U=17(0.035/0.0195) = 0.56 W/ sq.m °C

A= 0.434 Sq. Mt.,

Ta=32°C
Tr=+5°C
therefore

Q sidewats = 0.56 x 0.484 x 27 = 7032 Watts

Q sidewals = 7.32 Watts
2 -Q sack panel and Door = [ UA ( Ta - Tr) ]
U = 0.56 w/sq. Mt. °C,
Ta-T=27
A=2x0276
Q Back panelanddoor = 0.56 x 2 X 0.276 x 27 = 8.3 Watts
Q) Back panel and door = 8.3 Watts
3-Q Tup wid Bonom Surface = [ UA ( Ta - Tr) ]
U = 0.56 w/sq. Mt. °C,
Ta-Ti=27
A=2x0.246

Q Top and Botiom Surface = .56 X 2 X 0.246 x 27 = 7.44 Watts
Q Top and Bottom Surface = 7.44 Watts

Total Refrigerator Heat Leak = 7.32 +8.3 +7.44 =23 W

12



Note; due to the small size of evaporator compartment and small
heat transfer area around it. We neglected the heat leak difference
of 5 degree

Iee Making Capacity

We have considered 0.5 Kg of Ice to he made by the evaporator at
standard condition in a period of 24 hrs.

Therefore.

Q ice Making =~ I CAT

Where: m = mass of water in Kg to be frozen o zero degree
centigrade, ¢ = specific heat of water, and AT = temperature difference
between water and ice temperature.

( 1ce Making = 0.5 x 1 x 15 = 7.5 Keal/hr x 1.163 = 8.7 watts x 24 =
208.8 watts/24 hrs

Considering 16 hours of compressor running time. 208.8 +16 = 13
watts/hr

( Totat = 23 + 13 = 36 Watts

Considering 20 % of Q total for door opening and heat transfer
through gaskets.

(Qorand Total = 36 + 20%(36) = 43.2 watts

With respect to the above refrigeration load calculation, the suitable
compressor should be compatible with R12 compressor model Daewoo
SLOY-5, for evaporating temperature of — 10 °C.

13



Model BC-80 Technical Specification

Refrigerator Type of Product
465 x 520 x 760 mm Overall Dimension
35 mm Wall Thlckness

| .3OKg/m B Foa'm Densny N
110 1SO, 76 Polyol. 24 R11 Foam Mixing Ratio % B
Fsoiit. | Net Internal Volume 1
Hermetic, Static Cooled Type of Compressor
- 50 watts | Compressor Cooling Capacity I
78 Watls Power Input
[0.5 kW24 hrs | Energy Consumption }
Tube, inside body Type of Condenser
finside Dim. = 4, Length 6500 mm | Size of Condenser I
Roll Bond Type of Evaporator
T1.8x2mt | Size of Capillary Tube i
R12 & R134a Type of Refrigerant
[R12,= 50 Gr. R134a, =43 Gr. [ Refrigerant Charge !
7 Gr. Filter Drier Size .
[110/60 and 220/50 | Power Source I
-12°C Designated Inside Evaporator
I | Temperature I
5 °C Designated Inside Ref.
| Temperature i
Standard 32 °C Designated Operating Condition
I | I
I | f
| | |
I I P
| | !
| | |
I | I
I | I
| | I
a | | i

———
—
ELN

r————



Refriceration Load Calculati

Refrigerator Model BC-80
Refrigerator Dimension Area Insulation U Temp Q

Compartment Cm. (sq.mt.) Thickness Diff.  Watts
Ref. Side Walls 2X 0.585 35mm 056 37c¢ 1233
(46.5x64) |

Ref. Back Panel 52x64 0.333  35mm 056 27c¢ 503

Ref. Door 52 x 64 0.333 35mm 056 27c¢ 5.03

Bottom Suiface  46.5 x 53 0.246 35mm 056 27¢ 3.72

Top Surface 46.5 x 53 0.246 35mm 056 44c¢ 6.10

Evp. Side Walls 2x(46.5x12) 0.112 35 mm 056 55c¢ 345

Evp. Backpanel 52x12 0.0624 35 mm 056 44c 1.54

i Evp. door | 52xT2 00624 1735 mm 056 144¢C T84

| Total | ‘ 1.9898 ' 1 ‘ 38.74 ﬁ

Insulation Type: Pu Foam with cyclopentane blowing agent.

Thermal Conduc*ivity for Foam

0.019}5 Wimt. °C

1

Thermal Conductivity for Air at -12 at 1 atm. =0.02367 W/mt. ° C

Temperature Difr”erence RefrigLrator Coanartment:

|

|

”n_ﬁ‘:ﬂz:' (+5)=27°C |
Ambient Temperature = 32 °C

|

Refrigerator-Air-temperature—=+56-2C

Inside Evaporator temperature'= - 12 °C

|

|

- .
! Calculation : [ !

|

|

li Heat Leak For Ra‘efrigerator Co;lnpartmen

{

|

! Qm%(@mt@nm&m@m,hﬂMKmmmji&gdﬁm

| T Q=UAT.-T) |

|

|

J

15



U:Kl/jzsl 4

Where :
U = Heat Resistance Coefficient Factor
K1 = Foam Thermal Conductivity

Therefore:
1-Q sidewarsreft. = [UA (Ta-Tr) ]

Ta=Ambient Temperature
Tr = refrigerator air Temperature

/

U=1/(0.035/0.0195 ) = 0.56 W/ sq.m °C

A= 0.595 Sq. Mt,,

Ta=37°C

Ti=+5°C

therefore

Q sidewatsrer. = 0.56 x 0.595 x 37 = 12.33 Watts

Q sidewanserr. = 12.33 Watts
2 -Q Back panel and Door ref. = [ UA ( Ta- Tr) ]
U = 0.56 wisg. Mt. °C,
Ta-Ti=27
A=2x0.333=0.666

Q sack panel and door ref. = 0.56 x2 x0.333x27 =10.07 Watts
Q Back panel and door ref. = 10.7 Watts

3 -Q Bottom Suiface = [ UA ( Ta- Tr) ]

U = 0.56 w/sq. Mt. °C,

Ta-T=27

A=2x0.246

Q Botom suface = 0.56 x 0.246 x 27 = 3.77 Watts
Q Bottom Surface =,7.44 Watts

1-Q sidewaisret. = [UA (Ta-Tr)]

16



Ta = Ambient Temperature
Tr = refrigerator air Temperature

U=1/(0.035/0.0195)=0.56 W/ sq.m °C

A= 0.5395 Sq. Mt.,

Ta=37°C

Ti=+5°C

therefore ,

Q sidewatsret. = 0.56 x 0.595 x 37 = 12.33 Watts

Q sidewaisert. = 12.33 Watts
2 -Q Back panel and Door ref. = [ UA ( Ta - Tr) ]

U = 0.56 w/sq. Mt. °C,

" Ta-Tr=27

A=2x0.333=0.666

Q Back panel and door ref. = 0.56 x2 x0.333x27 =10.07 Watts
Q Back panel and door ref. = 10.7 Watts

3 -Q Bottom Surface = [ UA ( Ta - Tr) ]
U = 0.56 w/sqg. Mt. °C,
Ta-Tre=27
A =0.246
Q sottom suface = 0.56 x 0.246 x 27 = 3.77 Watts
.. Q Bottom Surface = 7.44 Watts

Total Refrigerator Heat Leak = 12.33 +10.07 +3.77 = 26.17 W

1-Q sigewatsevp = [UA (Ta-Tr)]

Ta = Ambient Temperature
T = refrigerator air Temperature

U=1/(0.035/0.0195 ) = 0.56 W/ sq.m °C

17



A= 0.112 Sq. Mt,,

Ta=32I°C
Tr=-93,10
therefore

Q sidewarsevp. = 0.56 x 0.112 x 54 = 3.45 Watts
Q sidewalis evp. = 3.45 Watts

2 "Q Back panel and Door evp. = [ UA ( Ta - Tr) ]

Ur= éx 1.54. w/sq. Mt. °C,
Ta-Tr=44
A=2x0.0624 = 0.1248

Q Back panel and door evp. = 0.56 X 2 x 0.0624 x 44 = 3.08 Watts
Q Back panel and door avp. = 3.08 Watts

3-Q ropsutace = [UA (Ta-Tr)]

U = 0.56 w/sq. Mt. °C,

Ta-Tr=44
A= 0.246

Q Top Surface = 0.56 x 0.246 x 44 = 6.06 Watts
Q Top Surface = 6.06Watts

Tofal Evaporator Heat l.eak = 3.45 +3.08 +6.06 = 12.59
Total Heat Leak = (Refrigerator + Evaporator) = 26.17 + 12.59 = 38.76

Ice Making Capacity

We have considered 0.750 Kg of Ice to be made by the evaporator
at standard condition in a period of 24 hrs.

Therefore.

Q Ice Making = It} CAT

Where: m = mass of water in Kg to be frozen to zero degree
centigrade, ¢ = specific heat of water, and AT = temperature difference
between water and ice temperature.

18



Q lce Making = 0.750 x 1 x 15 = 11.25 Keal/hr x 1.163 = 13.1 watts x 24
= 314 watls/24 hrs

Considering 16 hours of compressor running time. 314 +16 = 19.6
watts/hr

( Totar = 38.76 + 19.6 = 58 Watts

Considering 10 % of Q total for door opening and heat transfer
through gaskets. '

Qorand Total = 58 + 10%(38) = 63.8 watts -

With respect to the above refrigeration load calculation, the suitable
compressor should be compatible with R12 compressor, for evaporating
temperature of - 23.3 °C.

19



Model BCD-112 Technical Specification

Refrigerator and Freezer Type of Product

465 x 520 x 760 mm Overall Dimension

35 mm and 60 Wall Thlckness
ESO Kg/m Foam Densnty

110 18Q, 76 Polyol, 24 R11 Foam Mixing Ratio %

1110 lit. | Net Internal Volume I
Hermetic, Static Cooled _ Type of Compressor B
190 Walts [ Compressor Cooling Capacity !

110 Watls Power Input
{1 kwir24 hrs | Energy Consumption i
Tube, inside body ~ Type of Condenser

{inside Dim. =4, Length 12000 | Size of Condenser
mm

}

{ Plate and Tube | Type of Evaporator i

1.8 x2mt Size of Capillary Tube

41%12 & R134a | Type of Refrigerant b

R12,= 85 Gr. R134a, = 78Cr. Refrigerant Charge

focr | Filter Drier Size I

110/60 and 220/50 Power Source

i-18°C [ Designated Inside Evaporator I
Temperature

§5 °C [ Designated Inside Ref. i
Temperature

| Standard 32 °C | Designated Operating Condition ~ §

r - - |

| | |

-

| |

i | |

I | o

i | |

| | i

|
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DRouble Door Refrigerator and Freezer Model BCD-112
a) _Transmission Ioad calculation

Refrigerator Dimension
Compartment Cm.
- Ref. Side Walls 2 x (48x68)
Ref. Back Panel 46x68

Ref. Door 46x68
Bottom Surface 46x48
Top Surface 46x48

Frz. Side Walls  2x(48x42)
Frz. Backpanel 46x42
Frz. door 46x42

Total

Area
(sq.mt.)
0.653
0.313
0.313
0.221
6.221
0.403
0.193
0.183
2.510

Insulation
Thickness
35 mm
35mm
35mm
35mm
60mm
60 mm
60 mm
60 mm

U

0.56
0.56
0.56
0.56
0.32
0.32
0.32
0.32

Temp Q
Diff. Watts
37¢ 135
27¢c 473
27¢c 473
27¢c 3.34
50c 352
60c 7.74
50c 3.09
50¢ 3.09
4374

Insulation Type: é’u Foam with

Thermal Conductivity for Foam

cyclopentane blowing Lgent.

= 0.0195W/mt. °C

|
Thermal Conductivity for Air at -12 at 1 atm. =0.02367 W/mt. ° C

Temperature DifAerence Refrigerator Compartment; ( | l

[AT=32=(s5y=g7C | I R R
Ambient Temperature = 32 °C

‘rRefrige rator-Ai r*-'f]em peraty re—=r!—5 °C l | l | I
Inside Freezer temperature =-'18 °C

[T | I

ﬁCaIculation : }

l

|

|

WHeat Leak For Réfrigerator an& Freezer éompadmenls.

[ QILE.LQ SWi'leagUla nel+ door tQ aottonb.r_cfi(.Q &WJ‘_'_Q back Pa neb_dqo&QIon)if[eszeL

Q=4U

A (T

r)
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U=K1.X1

Where : ‘
U = Heat Resistance Coefficient Factor
K1 = Foam Thermal Conductivity
Therefore:

1-Q sidewansret. = [UA (Ta-Tr)]

Ta=Ambient Temperature
Tr = refrigerator air Temperature

U=1/(0.035/0.0195) = 0.56 W/ sq.m °C

A = 0.653 Sq. Mt.,

Ta=32+10=42°C

Ti=+5°C

therefore

Q sidewatisrer. = 0.56 x 0.653 x 37 = 13.5 Watts

Q sidewaisret. = 13.5 Watts
2 -Q Back panel and Door ref. =~ [ UA ( Ta- Tr) }
U = 0.56 wisq. Mt. °C,
Ta-Tr=27
A=2x0313=0.616

Q zuck panctand doorref. = 0.568 X 2 X 0.313 x 27 = 9.46 Watls
Q Back panel and door ref. = 9.46 Watts
3 -Q sottom Surface = [ UA ( Ta - Tr) ]
U = 0.56 w/sg. Mt. °C;
Ta-Tr=27
A=0221
Q Bottom surface = 0.56 x 0.221 x 27 = 3.34 Waltts
Q@ sottom surface = 3.34 Watts

22



1-Q sidewarstz. = [UA ( Ta-Tr) ]

Ta = Ambient Temperature
Tr = refrigerator air Temperature

U=1/7(0.060/0.0195)=0.32 W/sq.m °C

A = 0.403 Sq. Mt.,

Ta=32+10=42°C

Tr=-18°C '

therefore -

Q sidewats rz. = 0.56 x 0.403 x 60 = 7.74 Watts

Q sidewats rz. = 7. 74 Watts
2 -Q Back panel and Door frz. = [ UA ( Ta - Tr) ]

U =0.32 w/sq. Mt. °C,
Ta-Tr=50

A=2x0193=0.386,
Q Back panel and doorrer. = 0.56 x 2 x 0.193 x 50 = 6.18 Watts
QQ Back panel and door ret. = 6.18 Watts
3-Q topsutace = [UA (Ta-Tr)]
U = 0.32 w/sq. Mt. °C,
Ta-Tr=50
A=0.221
Q sotom sutace = 0.56 x 0.221 x 50 = 3,52 Watts
Q gottom sutace = 3.52 Watts

Total Heat Leak = 13.5+90.46+3.34+3.52+7.74+6.18 = 43.74 W

[ce Making Capacity

We have considered 1 Kg of Ice to be made by the evaporator at
standard condition in a period of 24 hrs.

23



Therefore.

Q lce Making = I CAT

Where: m = mass of water in Kg to be frozen to zero degree
centigrade, ¢ = specific heat of water, and AT = temperature difference
between water and ice temperature.

Q lce Making= 1 X 1 x 28 = 28 Kcal/hr x 1.163 = 32.56 watts x 24 = 781
watts/24 hrs

Considering 16 hours of compressor running time. 781 +16 = 48.8
watts/hr

() Total = 43.74 + 48.8 = 92.58 Watts

Considering 20 % of Q total for door opening and heat transfer
through gaskets.

(Qorand Total = 92.58 + 20%(18.5) = 111.1 watts

With respect to the ahove refrigeration load calculation, the suitable
compressor should be compatible with R12 compressor, for evaporating
temperature of — 23.3 °C.
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Performance Test of Prototypes

Three prototypes will be tested in accordance with ISO and
Chinese standards under following test condition. The test results will
be submitted to UNIDO together with our draft final report. The
necessary changes to the refrigeration system circuit will be applied
during performance tests. Necessary evaluation is also required for
adjustment for optimized energy consumption.

Standard Condition 32 C ambient temperature.
- Pull Down Test
- Continuos Run Test
- Cyclic Run Test

Energy Consumption Test at 32 C ambient Temperature.

All relevant test results sheets will be also enclosed to our draft final
report.
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Activities

L-Cilenlation of prototypes models;

Refrigerator Model BC-HAS,

- This refrigerator is a mini bar refrigerator and has a good market mn
China, the internal volume of the refiiperator is 46 liter and the energy
consumption is low and about 0.5 Kwatt/24 hes. The RI12 refrigerant
charge is 37 grams. The calculation results revealed that a compressor
withi cooling capacity from 48 to 70 walis could be fitted to this model,
we suggested LG low back pressure compressor model V824, with 78
Wills Coolllly capucity

- The total cooling cupacity caleulated tor this model 1543.2 walts
according to the thermal conductivity of Cyclopeatane PU foam which
is higher than R12 PU foam. Since the size of refrigerator is too small
we believe that no significant energy consumption increase could be
assumed, and no further improvement to the foammg jigs and plugs is
raguesd

- Since the amount of refrigerant charge weight i comparison with a
normal size refrigerator is low “37 Gram™ we think that a very small
changes or cqual amount of refrigerant churge wouid be sufticient for
R134a. Therefore we charge 33 gram at the begmning and then we try
Wrunfistateaauuie vt i erfTgeranenhirper

- At the beginning of performance test we keep the initial size of
Evaporator and Condenser, therefore no moditication and adjustment is
requared to condenser and evaporator.

- Wewill use an “XE” meodel {ilter direr which uses smaller molecular
size und is suitable for R134a relrigerant.

Refriverator Madel BC-80,

- This refmgerator 1s a small size refrigeratoy, the mternal volume of the

i
refrigerator is 80 liter and the energy consumption is low and about 0.5
Riwait/24 hes. The RI12 relisgerant charye is 43 graias. The caleulution
results revealed that a compressor with cooling capacity from 60 to 80
walts could be fitted to this model, we suggested LG low back pressure
compressor model VS24, The total cooling capacity caleulated for this
model 1s 61.3watts, according to the zhermal conduetivity of



Cyclopentane PU foam which is higher than R12 PU foam. Since the
size of refrigerator is small we believe that no significant encrgy
consumption increase could be assumed, and no further improvement to
the foaming jigs and plugs is required.

- Since the amount of refrigerant churge weight i comparison with a
normal size refrigerator is low “43 Gram” we think that no significant
adjustment to refrigerant charge weight will be done. Therefore we
charge 43 gram at the beginning and then we try to adjust the amount of
refrigerant charge.

- At the beguning of performance test we keep the initial size of
Evaporator and Condenser, therefore no modification and adjustment is
required to condenser and evaporator.

- We will use an “XI1” model filter diver which uses smaller molecular
size and is suitable for R134a refrigerant.

Refrigerator and Freezer, Model BCD-112,

- This model 15 a double door upright refrigerator and Freezer with
mternal volume of the refrigerutor is 110 liter and the energy
consumption is about 1 Kwatt/24 hes. The R12 refrigerant charge 1s 85
grams. The calculation results revested that ¢ compressor with cooling
capacity from 100 to 110 walts could be f{ilted to this model, we
suggested LG compressor. The tm il coolig capacity caleulated for this
model 15 10lwatls, according to the thermal conductivity of
Cy“!opcntam PU foam which is higher than R12 PU foam. Since the
size¢ of refrigerator is small we believe that no significant energ
consumplion merease could be assumed, and no further improvement to
the foaning jigs and plugs is required.

- Sinee the amount of refrigerant churge wcight in comparison with a
normal size refrigerator is low “83 Gram™ we think that no significant
adjustment 1o refrigerant charge weight will be done. Thercfore we
consider 85 gram charge as nitiul charging weight, and during the
perfomunce test the necessary adjustnent will be applied to the
refrigeration system.

~ At the beginnmng of performance tost we keep the initial size of
Evaporator and Condenser, therefore 10 110¢ Ufleation and adjustment is
required to condenser and evaporator, |

- We will use an “XKH” model filter diver which uses smaller moleculur

size and is suttable for R134a relriverunt.

Hepriverator dodel DO-G8,

This refrigerator is o mini bar refrigerator and hos also a good market in
Ching, the mternal volome of the refrigerator is 63 liter and the power
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imput is 78 watts. The R12 refrigerant cliarge is 37 grams. The
calculation results revealed that u compressor with cooling capacity
from 48 to 80 watls could be fitied 1o this model, we suggested 1.G
compressor model V824 with 78 wails cooling capacity.

- The total cooling capacity caleukited for this model 15 43.2 walts
accordmg to the thermal conductivily of Cyclopentane PU foany which
is higher than R12 PU foam. Suce the size of lufrxgcrutor is too small
ve believe 'that no siguificant cnerpy consumption increase could be
assumed, and no further unprovement fo the fouming jigs and plugs 18
required. '

- Since the amount of rcfrigc cant clurge weight in companson with a
normal size refrigerator is fow “37 Grany” we think that o very small

changes or equal amount of refrigeraut charge would be suflicient for
R134a. Therefore we charge 33 griun ut the beginning and then we try
to adjust the amount of refrigerant churye.

- At the beginning of performance test we keep the iitial size of
Evaporator and Condenser, thercfore no modification and adjustinent 1s
1. ired to condenser and evaporator.

- Vo will use an “XIH” model filter direr which uses smaller molecular

size and 1s suitable for R134a refriperant.

b ‘L,..J_'QJ.HWJ o

Accordino to 1. contract four prototypes were made and two prototype

ere tested under the following circumstances.

Ambrent temper. e 32 °C

Relative Humdity 70 %

Type of'test,  Performunce

Purpose of Test,Evaluation  of  refrigeration  circuit  components
performance

Lype of compressor, Hermetie, “LG” model V824 with 78 watts cooling

capacily
Lefngerant Charge weight 33 grams
Type of filter drier, XH type 8 grams

Size of capillary tube, 1.8 mun Diameter and 2 meter length.
Sub-cool system,

Cundenser type, mside body condenser,

Testduration 410 minutes

Starting Current 1.38 kW.

Energy Consumption 1.16 kW/24 hrs.

Cuompressor running time 5 minutes, 0%

Thieninosiat setting, mediunt.



< Performance test applied to the appliance,
v Pull Downtest,  1.25 hrs
Continuos Run Test - Non

v Cyclic Run Test,  5.75 hrs.
= fect Eyvaluation

)Y Poll Down Test

The duration of puil down {test was clout 75 minutes, the initial
mside temperature was about 3% O wficr 75 minutes the evaporator
atr femperature reacked to the mininnun emperature which s - 20 C,
it means that the refrigerator has o good mnsulation, and munimum
cnergy consumed to reach to ihe nnnur“! appliance operation.
Therefore the pull down test could be constdered acceptable.
by Continuos Hun Tost
e to the shortage of time the continues run fest were not

1
performed therefore, no analysis con e done m s regard.

The evelie run teat was perfomed T 3070 mnntes, and hilowing
I
i

dat obtamed rom test resulls;
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Protorype Number _BC-46-P1-41

Ambient Temp.

Relative Humudity
Comp. Type

Comp. Cooling Capacity
Comp. Input Power
Refrigerant Charge
[ilter Direr Weight
Thermostat Sctting

27 C
70%

HMermetie, “LG” V8§24
78 Watls

68 Watt

[1344a, 33 Grams

8 Grams

Medium

Lvaporator Surface Mean Temjp.-22 C

Evaporator Atir Mean Temip.
Refrigerator Air Mean Temp.
Refrigerator Side Wall Temp.
Compressor Suction Temp.
Compressor Discharge Temp.
Compressor Shell Temp.
Condenser Mid Temp.
Voltage

I'requency

Starting Current

Working Current

Total Test Run

Compressor Running Time
Compressor Running Interval
Energy Consumption

3¢

5.6C
41 C
40 C
N/A
N/A
41 C
220 Volis

e
S Amp.

40 ¢4
-~ 3 Minules
116 Xowatts/24 Hrs
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Prototype Number  -46G-L1-02

Ambient Temp.

Relative Humudity
Comp. Type

Comp. Cooling Capacity
Comp. Input Power
Relrigerant Charge
Filter Direr Weight
‘Thermostat Setting

Evaporator Surface Mean Ternp.

Evaporator Air Mean Temp.
Refrigerator Air Mean Temp.
Refrigerator Side Wall Temp.
Compressor Suction Temp.
Compressor Discharge Temp.
Compressor Shell Temp.
Coudenser Mid Temp.
Voltage

Frequency

Startmg Current

Workmg Current

Total "fest Run

Compressor Running Tune
Compressor Running Interval
Energy Consumption

32C

T0%

Flemmetie, “LG” VS24
73 Waits

68 Walt

R1344, 33 Grams

S Grams

Medium

=24 C

~ 3 Minules
111 Kowalts/24 Hrs
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Performance Test

{ o -
%TLQL sheet Humber BC-446-77-0 Date 1 Z2- June. 1957
[ st ouype Aubiient Temp. Product Name Product Serial Nuaber
) 3.2 0 s - a0
g 1S fPariviance o R-fﬂ{\iﬂ“c“b('“ In !Z!\L ik [u\(\\f\*uc -77-
| Type of Compres sorl Compressor Hodel | Compressor Cooling éapncxty
|fermedic. LG [ VS Ly s wall
' Coampressor lnput Puwera Rufriucrant Type{ Refrigerant Charge Welght
&8 well l A i 33 growrs
Condenser Type and Length Evaporator Type Capillary Tube Length
I
L fé; wngide //w :)c(;//il Tt i/ Bend /. Fx 2 ack .
j Thermostat Type Therwostat Scetting ‘ Test Run Time Drier Type
1&3 s Hrdiao. 2 Hrs 2 KT
i Drier Welght 3 drm Nela Frve Mt ),
i PR —
} ror, |
‘ ———
[ fest Pesults
I .
{_“‘“‘”“pmon o ‘ ( rs0 s Ll Qe PRT oo 3300 200 Tvo G0
| tvaporator ;:[»/; o Ol S ST AR X2 Rl AN BN R RN R RPN B R ISR T
j urface Teap i -
o g I —
I Evaporator "M (L5 o 1! s | o - 29| 5 7 134 3.8
{Packqgc Tenp ’ L( 55 |55 pe 123 2 ( 5
[ ¢ R N _
[?’,f.?,”i@m% 17 {w E C 66N S s sa|sg | bled &
{ }_%)’!{5;"10“7?’ . igf;‘ g}".j' PR PR RO N o N A I B N
! ! t {
[Ruf.“oun Tenp. /E LT\ ?.Z}EJ’ S no g sy ne bt s sd s 2
—_ - :
b I oo b eer w0 ,a T . - Yo Them :
i ;ugiguinnp. B A oS el ges|4r OS Ges LG [y | A B
} | S
) ~ Suzsti U I T I 2 1< < o WA
Sogpressor Sustion 3 oo { v (37 132 (10 132 |40 | 90| %40 |40 | G0
{ Compressor Dischargo 1 ‘
CTemp . ~ ] -y = = — T | — 1 =~ - - -
| b
; Conpressor Shell E
M - ~ _ - — —_— — — — — — — — —_—
oL hip . It i
’ w-—ﬁ] o P
[ R i
Condenser Hid cead ey {
}Tsmp. VA T G/t QI Gy QI Uy 4y ((1 Q] \l T\
| Test Kesult Analysis
Yoltage Hertz l \C‘ILiIL hxryznu Current | Energy Consuuwprion | Remarks
ST SO l ‘ S AL g d

Totul Time Blapsed for Test Results [ Compressor Running Tiwme Perecentage

ST s, . l S, e ¥

H
ot Chamber Operater Lute and Signature | Laboratoy Manager Signuture

r “”ﬁ [

i U

-
)/,‘- %
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Performance Test Sheet
Test Sheet Humber S8 P-4 Date /9- Juae — (975
Test type Ambient Tenmp. Product Rawe Product Serial Hunmber
e ]?xljf 32°C /Zzﬁ;’,l'?él“(u{ca ~3C-4b fm{a‘&/[be No. I‘ﬂuﬁ'./},?’—f%—/’ 9]

Type of Compressor | Compressor Hodel | Compressor Cooling Capacity

LG VS 24 4t wakl

Conmpressor Input Power | Relrigerant Type | Relrigerant Charge Yeight

62 wel YEYEN

%’;1/

Condenser Type and Length Evaporator Type Capillary Tube Length

fns ik 1200/(;1 'ﬁuée /(j:‘// (/5(;1'\.@/ /[ 8 x2 wdv
Thermostat Type | Thermostat Setting Test Run Time | Drier Type
B-*?;fw:rm( Mediwm 7 *’Jff‘:&\? S /WW‘J X 7
Drier Weight K lgfrve ihomidity

L AENTEN 20 7, l

Tost Results

Description ¢ Ti

I4 !
Lime 2d 20 200337 34 394 ban

/
25t 9 g Sl (80
Evaporator ‘

Surface Temp 22 2| 208 2| el | R - D A PE | 2| L
Eiaporatgr M SULICT 71 b e g sl ] @Il e !
bofsTonr. el §uslus|c | o sl ol S| slols s
Rel;Temp. 321 201008] € 6] 68 65| 65| 45| 6.8 6.8 68} 65 6S
Ref.Mean Temp. 32| (3| [wo] S2| S| 87| K7l Sy S| L7 S 57067 j\Z
Heligupside 32| 45| HS| G| FI| G| | | E e el e g | W

Compressor Suction 320852156 _(7 < f?v BYANg:

fenp.

S31 530 3] 3] 6383

Compressor Discharge

— —_— — - — —

Tonp. T T T T
Compressor Shell | = = =] = —] = =] ==

Temp. ~ | -
tondenser Hid SZPWR I V) H G| G 4 ) Gy Cr)

Test Result Analysis

Voltuge lertz Starting Working Current | Energy Consumprion | Remarks

Joov  Cota 27 4 o KwWA Ly

Total Tine Elapsed for Test Results Compressor Running Time Perccaentage

] Aoy

kol,

llot Chamber Operator Date and Signature Laboratoy Manager Signature

iﬁflﬁ j?"
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Mrs. M. Latreh, Contract Officer
-i.u‘cbasc and cxmt’ract officer
General Service Contracts Section

Administration and financial contret

ifeld oncration and administration division

Subject: Final Report
Reference: Contract Number 98/240, Project Number MP/CPR/98/04

Dear Mrs Latreo!

We have the pleasure to submit 1o vou herewith our final report, Subjected 0

the coniront num

wr 987240 and referring o UINIDOY s pratecs

MP/OCPROEGAT e hope that thig (5*(\!": withaotied von and o can coneds
i approval for drafl final report. We atee enclose onr invoice, which bhes bec

prenared maccordance with the contract,

Stncerely Yours
General NManaver

[y

Hualing Company




